In the last decades, the use of plant growth-promoting rhizobacteria has become an alternative to improve crop production. Rhizobium leguminosarum biovar trifolii is one of the most promising rhizobacteria and is even used with nonlegume plants. This study investigated in vitro the occurrence of plant growthpromoting characteristics in several indigenous R. leguminosarum biovar trifolii isolated from soils in the State of Rio Grande do Sul, Brazil. Isolates were obtained at 11 locations and evaluated for indoleacetic acid and siderophore production and inorganic phosphate solubilization. Ten isolates were also molecularly characterized and tested for antagonism against a phytopathogenic fungus and for plant growth promotion of rice seedlings. Of a total of 252 isolates, 59 produced indoleacetic acid, 20 produced siderophores and 107 solubilized phosphate. Some degree of antagonism against Verticillium sp. was observed in all tested isolates, reducing mycelial growth in culture broth. Isolate AGR-3 stood out for increasing root length of rice seedlings, while isolate ELD-18, besides increasing root length in comparison to the uninoculated control, also increased the germination speed index, shoot length, and seedling dry weight. These results confirm the potential of some strains of R. leguminosarum biovar trifolii as plant growth-promoting rhizobacteria.
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SUMMARY
In the last decades, the use of plant growth-promoting rhizobacteria has become an alternative to improve crop production. Rhizobium leguminosarum biovar trifolii is one of the most promising rhizobacteria and is even used with nonlegume plants. This study investigated in vitro the occurrence of plant growthpromoting characteristics in several indigenous R. leguminosarum biovar trifolii isolated from soils in the State of Rio Grande do Sul, Brazil. Isolates were obtained at 11 locations and evaluated for indoleacetic acid and siderophore production and inorganic phosphate solubilization. Ten isolates were also molecularly characterized and tested for antagonism against a phytopathogenic fungus and for plant growth promotion of rice seedlings. Of a total of 252 isolates, 59 produced indoleacetic acid, 20 produced siderophores and 107 solubilized phosphate. Some degree of antagonism against Verticillium sp. was observed in all tested isolates, reducing mycelial growth in culture broth. Isolate AGR-3 stood out for increasing root length of rice seedlings, while isolate ELD-18, besides increasing root length in comparison to the uninoculated control, also increased the germination speed index, shoot length, and seedling dry weight. These results confirm the potential of some strains of R. leguminosarum biovar trifolii as plant growth-promoting rhizobacteria.
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INTRODUCTION
Inoculation of plants with beneficial bacteria is a practice that can be traced back for centuries. Farmers have long known from experience that when they mixed soil taken from a previous legume crop with soil in which non-legumes were grown, crop yields often improved. By the end of the 19 th century, the practice of mixing "naturally inoculated" soil with seeds became a recommended procedure for legume inoculation in the USA (Bashan, 1998) . Inoculation of legumes with rhizobia and the use of mycorrhiza in seedlings of different species are the most remarkable examples. Nevertheless, in the last decades, other microorganisms have attracted the attention of researchers with a view to a potential use in agriculture (Kloepper et al., 1980; Ahmad et al., 2008) .
Rhizosphere bacteria that are able to increase the productivity of some crops by colonizing roots and stimulating plant growth are known as plant growthpromoting rhizobacteria (PGPR). PGPR activity has been reported for strains belonging to several genera such as Azoarcus, Azospirillum, Azotobacter, Arthrobacter, Bacillus, Clostridium, Enterobacter, Gluconacetobacter, Pseudomonas, and Serratia (Somers & Vanderleyden, 2004) . Even some Rhizobium strains are considered PGPR, since they can promote the growth of non-legumes such as gramineae and cruciferae following root colonization. The growth promotion of non-legume plants by rhizobia has been related to mechanisms that are independent of biological N 2 fixation, since neither root nodules nor N 2 fixation were observed during these interactions (Somers & Vanderleyden, 2004) .
The response to PGPR inoculation in different crops has been reported in lettuce (Sottero et al., 2006) , citrus trees (Freitas & Vildoso, 2004) , potato (Kloepper et al., 1980) , canola (Bertrand et al., 2001) , red peppers (Joo et al., 2005) , and soybean (García et al., 2004) . PGPR stimulate plant growth directly either by synthesizing phytohormones or by promoting nutrition processes as phosphate solubilization for example, or even by accelerating the mineralization processes. They can also stimulate growth indirectly by protecting the plant against soil-borne fungal pathogens or deleterious bacteria, by competing with them for iron through their siderophores, and by producing antibiotics and/or chitinases and glucanases, which in turn promote the lyses of microbial cells (Somers & Vanderleyden, 2004) . Many PGPR strains as well as some activators promote legume nodulation and N 2 fixation in association with rhizobia. Due to these characteristics, they have been added to rhizobial inoculants (Gray & Smith, 2005) .
In contrast to the symbiotic N 2 fixation process, rhizobia PGPR activities are not restricted to the legume host plant. Thus, PGPR rhizobia may be inoculated in several plant species, including nonlegumes. Besides the utilization of N fixed by rhizobialegume symbiosis, non-legume plants, when associated with or grown in succession to legume, may also take advantage of the rhizobia PGPR activities. The establishment of plant growth promotion by rhizobia strains has been observed in crops such as wheat (Hilali et al., 2001) , rice (Yanni et al., 2001) , canola (Noel et al., 1996) , corn (Yanni et al., 2001) , lettuce (Noel et al., 1996) , and sunflower (Alami et al., 2000) .
Rhizobium leguminosarum is one of the most studied PGPR rhizobia. R. leguminosarum biovar trifolii, related to clover nodulation, has shown great potential as PGPR (Biswas et al., 2000a,b; Hilali et al., 2001; Yanni et al., 2001 ). This study intended to investigate in vitro the presence of plant growthpromoting features in several indigenous R. leguminosarum biovar trifolii isolated from soils of Rio Grande do Sul State, Brazil, as well as test the PGPR activities of some selected isolates in rice plants.
MATERIAL AND METHODS

Sampling and rhizobia isolation
Samples of white clover (Trifolium repens) or arrow leaf clover (T. vesiculosum) roots were collected from 11 different areas in Rio Grande do Sul State, Brazil: Porto Alegre (AGR), Eldorado do Sul (ELD), Cachoeirinha (IRG), Caxias do Sul (CXS), São Borja (SBO), Vacaria (VAC), São Gabriel (SGA), Dom Pedrito (DPE), Rio Grande (RIG), Rio Pardo (RIP) and Uruguaiana (URU). Fresh root nodules were collected from 20 plants at each sampling site, and maintained on silica gel. The nodules were randomly excised and surface-sterilized with ethanol and hydrogen peroxide. Rhizobia were isolated on yeast-extract mannitol agar (YEMA) using standard procedures and purified by repeated streaking (Somasegaran & Hoben, 1994) .
All isolates, along with the reference strains SEMIA 222 and SEMIA 235, were tested for indoleacetic acid (IAA) and siderophore production and inorganic phosphate solubilization. The production of indoleacetic acid was evaluated according to Asghar et al. (2002) . Briefly, rhizobial strains were grown in yeast-mannitol broth (YMB) (Somasegaran & Hoben, 1994) supplemented with 50 mg L -1 tryptophan. After 48 h, bacterial cultures were centrifuged at 10.000 rpm for 5 min and 60 μL of the supernatants generated were placed in microplates to react with 40 μL Salkowski reagent (2 mL 0.5 mol L -1 FeCl 3 + 98 mL 35 % HClO 4 ). The mixture was left in the dark for 30 min at room temperature. Samples that turned red were considered positive.
For the siderophore production assay, the isolates were grown in iron-deficient King's B medium for 72 h (Ahmad et al., 2008) . At the end of this period, bacterial cultures were centrifuged as described previously. An aliquot of 50 μL was collected from each supernatant and pipetted into a microplate along with 50 μL of chrome azurol-S (CAS) reagent (Schwyn & Neilands, 1987) . After 15 min, isolates that changed the color of the reaction mixture from blue to orange were considered positive for siderophore production.
Isolates able to solubilize phosphates were identified by the method described by Sylvester-Bradley et al. (1982) . Bacteria were grown in glucose-yeast medium (GY) (Sylvester-Bradley et al., 1982) containing 10 g glucose, 2 g yeast extract and 15 g agar per liter. Two other solutions were prepared separately, one containing 5 g/50 mL K 2 HPO 4 in distilled water, and the other containing 10 g/100 mL CaCl 2 in distilled water. These solutions were added to one liter of glucose-yeast (GY) medium immediately before being poured into Petri dishes, forming insoluble calcium phosphate that made the medium opaque. Bacterial isolates previously grown in GY medium were dropped (10 μL per culture) into the GY plates and incubated for seven days at 28 °C. The isolates that formed visible clear halos around their colonies were considered phosphate solubilizers.
Ten isolates (AGR-3, AGR-7, CXS-12, DPE-12, ELD-15, ELD-18, IRG-17, SBO-3, SGA-15 and VAC-12) with different PGPR characteristics were selected for further testing. Initially, these isolates and the reference strains (SEMIA 222 and SEMIA 235) were genetically characterized using the enterobacterial repetitive intergenic consensus primers ERIC1-R and ERIC-2 (De Bruijn, 1992) and enterobacterial repetitive sequences (BOX-A1) primer (Versalovic et al., 1994) as molecular markers. The fingerprinting of the two molecular markers was converted into a matrix (1 for presence, 0 for absence of the band). A similarity tree was constructed, using software PAST, based on the Jaccard coefficient to estimate similarity among isolates. Hierarchical cluster analysis was performed using the UPGMA (Unweighted Pair Group Mathematical Average) algorithm (Vargas et al., 2007) .
Subsequently, the ten selected isolates were tested for antagonism against the soil-borne phytopathogenic fungus Verticillium sp., according to the procedures described by Chao (1990) . Isolates were cultured in 50 mL YM broth for three days. Next, a slice of Verticillium sp. mycelia was added to the medium containing one of the isolates or to an uninoculated control, and left to grow for eight days. Then the broth was filtered through a filter paper with known dry weight. The filter paper containing the retained mycelial mass was dried at 60 °C to constant weight and re-weighed.
The same ten isolates were also tested for their ability to promote germination vigor and rice seedling growth. Rice seeds were previously surface-sterilized, and a standard germination test was carried out, according to officially recommended procedures (Ista, 1996) , with 50 seeds per germination box. In each germination box, the filter paper was soaked with 15 mL of a 10 8 cfu mL -1 Rhizobium culture, grown in tryptone-yeast broth (TY) (Somasegaran & Hoben, R. Bras. Ci. Solo, 33:1227 Solo, 33: -1235 Solo, 33: , 2009 1994), together with a control treatment, without Rhizobium inoculation. The germination test was conducted for 12 days. The germination speed index, GSI, (Maguire, 1962) and germination percentage after 4, 6 and 10 days, were determined. On the 12 th day, the root and shoot length and seedling weight of ten seedlings per germination box were determined. For seedling weight, the caryopses were removed from seedlings and dried at 60 °C to constant weight.
The experiments were carried out in a completely randomized design, with four replications. The results were submitted to analysis of variance and means compared by the Scott-Knott test at 5 %.
RESULTS AND DISCUSSION
From the 11 sampling sites, a total of 252 rhizobial isolates were obtained, all derived from white clover nodules, with the exception of Rio Pardo (RIP) and Uruguaiana (URU) isolates, derived from nodules of arrow leaf clover. All strains, independent of their origin, had fast growth, the acidic production in YMA contained bromothymol blue, and they did not absorb Congo red dye, which are characteristics of bacteria belonging to the genus Rhizobium.
The isolates were evaluated in relation to indoleacetic acid and siderophore production and phosphate solubilization (Table 1) . Positive isolates were found for these three characteristics, confirming the potential of R. leguminosarum biovar trifolii as a plant growth-promoting rhizobacteria. However, in only five isolates -ELD-10, ELD-15, CXS-20, RIP-9, and RIP-10 -these three important characteristics were found concomitantly. Besides, in many others two characteristics were observed, such as isolate SBO-3, which produces indoleacetic acid and siderophore; the isolates AGR-3 and ELD-9, producers of siderophore and phosphate solubilizers; and the isolates SBO-7, SBO-16 and ELD-16, indoleacetic acid producers and phosphate solubilizers.
Most isolates with PGPR traits were found at sampling sites in Rio Grande, where at least one of the characteristics was found in 22 isolates, and Eldorado do Sul and Porto Alegre, with 21 isolates at both locations. On the other hand, only one isolate from Vacaria had at least one PGPR trait, the siderophore-producing VAC-13.
In this study, the frequency of each analyzed trait differed strongly from that observed by Antoun et al. (1998) . Working with a similar number of isolates of several rhizobia and bradyrhizobia species, these authors found that 58 % of the isolates were IAA producers and 54 % were phosphate solubilizers, while the majority (83 %) of the isolates produced siderophores. In our study however, we found that siderophore production is a rare trait, found in only 8 % of our isolates. Still, this characteristic was more frequent in isolates from the sampling sites of Eldorado do Sul and Rio Pardo, where 20 % of the rhizobial isolates produced siderophores.
Contrary to siderophore production, phosphate solubilization was the most common characteristic, observed in 42 % of all isolates and in 100 % of the isolates from the sampling site in Porto Alegre and in 68 % of the isolates from Eldorado do Sul. This result confirms the statement of Rodriguez & Fraga (1999) , who considered bacteria belonging to the genus Rhizobium as major phosphate solubilizers, along with bacteria of the genera Pseudomonas and Bacillus.
With regard to the production of indoleacetic acid, a very distinct behavior was observed between rhizobium strains isolated from arrow leaf clover (RIP and URU) and the others, isolated from white clover nodules. In this first group, IAA production was much more frequent, found in more than 80 % of the isolates. On the contrary, IAA production was considerably less frequent in rhizobia isolated from white clover nodules, detected in only 15 % of these bacteria. Indoleacetic acid production is frequently pointed out as one of the main mechanisms of plant growth promotion (Biswas et al., 2000a; Khalid et al., 2004; Chi et al., 2005; Lee et al., 2006) . However, this positive effect depends on the amount of IAA produced by the bacterium, since an IAA overproduction is considered deleterious to plants (Barazani & Friedman, 1999; Ahmad et al., 2005; Schlindwein et al., 2008) . Similarly to other phytohormones, IAA exerts a stimulatory effect on plant growth within a narrow concentration range only, outside of which the plant is either unresponsive or its growth is inhibited (Biswas et al., 2000b) . Barazani & Friedman (1999) found that deleterious rhizobacteria produced high IAA levels, about 77 μmol L -1 after 84 h of incubation, while a consortia of beneficial rhizobacteria produced much less IAA (16 μmol L -1 ) in the same period.
Based on the analyzed PGPR features, ten isolates were chosen for further evaluation. The isolates AGR-3, AGR-7, CXS-12, DPE-12, ELD-15, ELD-18, IRG-17, SGA-15, SBO-3, and VAC-12 have different PGPR features (Table 2 ). These isolates, along with the reference strains SEMIA 222 and SEMIA 235, were genotypically characterized by rep-PCR. The genotypic results were used to construct a dendrogram (Figure 1) . Based on the dendrogram, two groups (groups A and B) were formed with a Jaccard similarity coefficient of about 30 %. Group A comprised seven isolates. Both reference strains clustered within group B together with other three isolates. The most similar isolates were ELD-15 and ELD-18 (87 % similarity), both from the Eldorado do Sul site.
Interestingly, all isolates differ by more than 60 % from the reference strains SEMIA 222 and SEMIA 235.
Similar results were observed in other studies evaluating genetic diversity in soils of Rio Grande do Sul. Vargas et al. (2007) evaluated the genetic diversity of black wattle (Acacia mearnsii) nodulating rhizobia, and found no isolate with a similarity degree to the reference strains of over 73 %. In fact, the reference strains were found to be more similar to each other than to any native isolate. Lack of inoculation in black wattle was pointed out as a possible cause for dissimilarity between reference strains and native rhizobia. However, even massive annual inoculation, as practiced in Rio Grande do Sul in soybean crops, does not ensure that reference strains remain in the soil without genetic variation, as observed by Giongo et al. (2008) . The authors verified a high level of genetic diversity within soybean bradyrhizobia populations, which showed a similarity degree to the reference strains of less than 50 %. It was found that pH was the main soil property affecting bradyrhizobial diversity.
The ten isolates were tested for antagonism against the phytopathogenic fungus Verticillium sp. In all isolates some level of antagonism against Verticillium sp was observed (Figure 2 ). Inhibition levels of the isolates CXS-12, AGR-3, ELD-15, VAC-12, and DPE-12 were highest. This result is in agreement with findings of Chao (1990) and Antoun et al. (1998) , who observed antagonistic action of many rhizobial strains against phytopathogenic fungi, regardless of their symbiotic effectiveness. Hossain & Mårtensson (2008) also found that some rhizobial strains are able to dissolve fungal mycelium at the initial stage. For this reason, rhizobia may be potentially used as biological control agents, though they may also be detrimental to beneficial fungi, such as Trichoderma sp. (Chao, 1990) .
The two isolates with strongest antagonistic action, CXS-12 and AGR-3, which decreased mycelial growth by about 65 %, were also siderophore producers. Siderophore production is considered one of the most important mechanisms for the suppression of phytopathogens due to the competition for iron (Arora et al., 2001 ). However, two other siderophoreproducing isolates, IRG-17 and SBO-3, proved to have a less pronounced antagonistic action than other nonsiderophore producers. This result may be related to the type of siderophore produced by each isolate. Matthijs et al. (2007) observed that Pseudomonas fluorescens ATCC 17400 produced two siderophores, pyoverdine and thioquinolobactin, with a much more intense antifungal activity of thioquinolobactin than of pyoverdine. However, the media used in this test were not iron-deficient. Under this condition, siderophore is not expected to be produced. Besides, siderophore-negative isolates ELD-15, VAC-12 and DPE-12 were as antagonistic as CXS-12 and AGR-3, indicating that fungal suppression does not depend on siderophore production. Other non-evaluated mechanisms, such as the production of HCN (Bano & Musarrat, 2004) or of β-1,3-glucanase, proteases and chitinases (Compant et al., 2005) may have contributed to the decrease of Verticillium sp. growth by rhizobia.
When rhizobia were inoculated in rice seeds, to test their ability to promote germination vigor and seedling growth, positive effects were revealed. In general, the rhizobia isolates were beneficial in some aspect for the plants (Tables 3 and 4) . Aside from AGR-7, which always produced results that equaled those of the control, all other isolates improved at least one parameter evaluated. Contrary to observations in other studies (Antoun et al., 1998 , Hilali et al., 2001 , none of the isolates were found to be deleterious to the plants.
A total of eight isolates increased initial germination rates, four days after sowing (Table 3) . In subsequent evaluations, six and ten days after sowing, germination rates were equivalent among treatments. Even though final germination rates were unaffected by rhizobial inoculation, the increase in initial germination rates promoted by those eight isolates led to an associated increase in the germination speed index. Earlier germination in bacterized seeds was also reported by Biswas et al. (2000b) , Gupta et al. (2002) , Pandey et al. (2005) and Schlindwein et al. (2008) , and is an important factor for crop establishment. The increase in seedlings vigor is an important aspect in rice crops, because it may result in earlier seedling emergence, allowing rice seedlings to overcome weed competition (Gibson et al., 2002) . Regarding the biometric parameters, inoculation with rhizobia induced changes in root and shoot length and seedling weight, compared to uninoculated control (Table 4 ). The isolate CXS-12 decreased root length, while five other isolates (AGR-3, ELD-15, ELD-18, IRG-17, and SBO-15) increased the trait. The root length of seedlings inoculated with AGR-3 was more than twice as long as of the uninoculated control. All isolates, except AGR-7, increased shoot length to some degree. The greatest increase of shoot length was observed in the isolates ELD-18, followed by SBO-3. These two isolates, along with IRG-17, also increased seedling weight.
Deleterious bacteria are common among rhizobacteria (Schippers et al., 1990; Barazani & Friedman, 1999) , including rhizobia (Antoun et al., 1998; Hilali et al., 2001) . However, in this study, no clearly deleterious isolate was detected. With the exception of isolate AGR-7, which was not different from the uninoculated control, all isolates improved at least one analyzed parameter, including VAC-12, where no PGPR trait was detected. Isolate CXS-12, for instance, reduced root length, but increased seedling vigor and shoot length.
CONCLUSIONS
1. Phosphate solubilization was the most common PGPR trait found in clover-nodulating rhizobial isolates, while siderophore production was the rarest. The PGPR trait frequency was related to the sampling sites and host plant species.
2. Clover-nodulating rhizobia are potential biological control agents, as indicated by the inhibition of Verticillium sp. mycelial growth.
3. Clover rhizobia can promote early rice growth. Isolate ELD-18 increased root and shoot length and dry weight of rice seedlings, besides increasing the germination speed index of rice seeds. 
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